Supplementary Figure 3 . Cobalt hydrogen complexes with in-plane anisotropy: In rare occasions (few percent of the observations) we find CoH complexes which have a magnetic anisotropy axis in the surface plane of the h-BN. These species reveal themselves by two symmetric steps at similar energy in the differential conductance. A fit to the example spectrum shown here yields: D = 2.67 mV, E = 0.68 mV, and coupling strength of Jρ 0 = −0.07. To simplify the analysis of the main paper such data was neglected.
Supplementary Figure 4 . Principle scheme of the shift of the state energies: The integral contributions I i,j to the energy shift ∆ε i are displayed revealing that for the low lying state at the energy ε 2 only I 2,1 has weight in the supplementary equation S9, while for ε 3 the weights I 3,2 and I 3,1 have to be accounted for. Figure 6 . Bare Cobalt with S=3/2: An example of a bare Co atom on h-BN/Rh(111) that show an effective spin-3/2. The spin 3/2 systems exhibit both the Kondo effect and magnetic anisotropy 1-3 . Fitting this spin 3/2 spectrum in the same manner as the data presented in the main paper reveals an axial anisotropy D = 3.76 meV and a transverse anisotropy E = 0.82 meV as well as a coupling to the substrate of Jρ 0 = −0.19. While the Kondo correlations hinder the exact determination of the coupling to the substrate 2,4 , we neglected these systems from our analysis. Figure 7 . Error estimation of the fit: A spin-1 CoH with the best Jρ 0 fit and two fits with Jρ 0 ± 10% of the best-fit value. To help quantify the error, we compute the mean square error of the best fit and imperfect fits. The best fit (red) has a mean square error value of 2.8 %, the fits with ± 10 % Jρ 0 have a mean square error of 5.2 % (green) and 11.6 % (blue). Supplementary Figure 8 . Example spectra for different tunneling setpoint: Two spectra of a spin-1 CoH complex where the STM current setpoint was changed from 30 MΩ to 2.5 MΩ corresponding to a change in tip sample distance of ≈ 100 pm. While the overall shape is identical, small changes are due to additional hybridization with the tip and non-equilibrium effects 4,5 . Note, however, that all spectra presented in the main manuscript were taken at an identical tunneling setpoint of 30 MΩ. Hubbard U and J values were taken from self-consistent calculations to be U −J = 3 eV. [16] [17] [18] [19] In general the influence of U was found, as expected, to enhance local magnetism, however not changing the validity of any of the conclusions discussed in the present work (especially the attribution of CoH x complexes to either S = 1 or S = 1/2).
In terms of geometry most structural parameters were obtained self-consistently by minimizing the interatomic forces to less than 1 meV/Å. First, the equilibrium lattice constant of Rh bulk was established, then the surface was modeled by 10 layers of Rh (111) To check the adsorption energy landscape for CoH x complexes within one BN cell adsorption energy maps were also calculated and were found to be smooth and devoid of local minima, making the choice of discussed adsorption sites a representative one, see supplemen-tary We describe the spin system with a phenomenological Hamiltonian, which is sufficient to fully explain the spectroscopic features observed in our scanning tunneling spectroscopy
In this equation g is the gyromagnetic factor, µ B Bohr's magneton, D determines the axial anisotropy, and E the transverse anisotropy. B is the external applied magnetic field and S = (Ŝ x ,Ŝ y ,Ŝ z ) T the total spin operator with the components ( = 1):
In the absence of a magnetic field the three eigenvectors |Ψ i and eigenenergies i of supplementary equation S1 are calculated in the m z basis to
as shown in supplementary figure 2a for hard axis anisotropy (D < 0) and non negligible transverse anisotropy (E = 0).
To calculate the tunneling spectrum we use a model based on the perturbative approach established by Appelbaum, Anderson, and Kondo 25-28 in which spin-flip scattering processes up to the 2nd order Born approximation are accounted for and which has been previously successfully used on quantum spin systems 4,29 . In this model the transition probability W i→f for an electron to tunnel between tip and sample and concomitantly changing the spin state of the CoH complex from its initial (i) to its final (f ) state is
Here, M i→j are the matrix elements given by the Kondo-like interaction of the scattering electron |ϕ with the localized spin of the CoH complex |Ψ
In this equation |ϕ i , Ψ i is the combined state vector of the localized spin and the interaction electron andσ = (σ x ,σ y ,σ z ) T is the total spin operator for the spin-1/2 electrons, withσ x,y,z as the standard Pauli matrices.
The first term in the supplementary equation S3 is responsible for the conductance steps observed in our spectra. While we assume zero field (B = 0) and no spin-polarization in the two electron reservoirs of tip and sample, the matrix elements are easily calculated to |M i→j | 2 = 0.5 for i = j and |M i→i | 2 = 0 otherwise. This leads at low temperature, i. e. k B T ε 2 , when only the ground state |Ψ 1 is occupied, to two increasing steps in the differential conductance dI/dV with identical amplitude at the energies ±ε 2 and ±ε 3 (dashed line in supplementary figure 2(b)):
with Θ( ) = [1 + ( − 1) exp( )] [1 − exp( )] −2 as the thermally broadened step function 30 , and σ 0 as the total conductance in the limit of high bias.
The second term of the supplementary equation S3 is due to the 2nd order Born approximation and accounts for scattering processes involving the intermediate state |Ψ m .
At the bias voltage where this process changes from being virtual to real, the denominator approaches zero which leads to a temperature broadened logarithmic divergence in the spectrum: In the case discussed here, with S = 1 and all degeneracies broken, the real parts of the matrix elements at zero field are calculated to (M i→m M m→f M f →i ) = −1/4 for the processes which go over all states and are otherwise zero. Assuming that solely the ground state is thermally populated only the processes 1 → 2 → 3 and 1 → 3 → 2 account to the conductance leading to an additional conductance of:
The conductance σ 2 changes in a very particular fashion the observed spectra which is the sum of σ 1 and σ 2 : Additional peak-like structures arise at the energy 3 which allow us to determine Jρ 0 very precisely from fits of the supplementary equations S5 and S7 to the spectra measured at zero field.
Supplementary Note 3. RENORMALIZATION OF THE EIGENSTATE ENER-

GIES
Treating the quantum mechanical systemĤ (supplementary equation S1) not as a separated system but coupled to the dissipative bath of the substrate electrons we employ a Bloch-Redfield approach to account for the decay of excited states and coherences in the density matrix 32 . Interestingly, this approach leads for the off-diagonal elements of the reduced density matrix ofĤ not only to a fast decoherence but additionally to an energy shift of the eigenstates due to the interaction betweenĤ and the reservoir. We will restrict ourselves to the Kondo-like scattering between the substrate electrons and the localized spin, as described by supplementary equation S4, up to second order leading to a correction term 2,32 : ∆ε α = (Jρ 0 ) 2 n n ,α ϕ n , Ψ n | 1 2σ ·Ŝ|ϕ α , Ψ α 2 ε α − ε n + α − n .
Knowing the scattering matrix elements and making use of supplementary equation S6 we can rewrite the energy shift to:
Supplementary figure 4 illustrates the effect of energy renormalization. The energetically higher excited state at ε 3 is more affected as the low lying state at ε 2 .
For the magnetic anisotropy parameters D and E of the CoH system the shift can be approximated to:
with the coefficients α and β given by the integrals of supplementary equation S9.
